The promoter region of the human GSTP1 gene contains a polymorphic short tandem repeat (STR) locus consisting of pentanucleotide repeat units (ATAAA). In this work we report the existence of a total of 26 alleles in a Caucasian population. While differences in size (ranging from one to five base pairs) were responsible for the major variation, in five size-defined classes, two alternative sequences were found. Automatic fragment sizing and sequencing analysis revealed that this polymorphism is of a highly complex nature in contrast with previous reports. A genetic population study was carried out on a random sample from Portugal showing no deviation from Hardy-Weinberg equilibrium. Somatic instability studies were also performed on gastric and thyroid tumours using this STR: no instability was detected in thyroid tumour tissues when compared with their normal counterpart but in gastric tumour tissues microsatellite instability (MSI) was detected in 9.6% of the cases and loss of heterozygosity (LOH) also in 9.6% of the cases studied. The results obtained with GSTP1 in gastric cancer were compared with previously reported data on MSI using BAT-26 and several dinucleotide repeat markers.
Introduction
Short tandem repeats (STRs) are microsatellite DNA sequences which are widely spread throughout the human genome, occurring with a frequency of one locus every 6-10 kb. 1 The repeat unit can vary typically from two to six base pairs in length. 2 They are highly polymorphic in respect to the number of repeats 3 and, in some cases, in respect to the base sequence 4 and in the presence of more or less variable interrupting sequences. 5 Hence, STR loci provide a rich source of genetic markers which are useful in the elaboration of linkage maps, in the identification of disease genes and in DNA typing. The glutathione S-transferase P1 (GSTP1) belongs to a group of enzymes that have been implicated in cellular detoxification. 6 High levels of GTSP1 expression have been associated with many human solid tumours and seem to determine drug resistance. 7 In this work we study a polymorphic STR locus in the promoter region of the human GSTP1 gene, consisting of pentanucleotide repeats showing length and sequence variation. This repeat region was originally reported to have allele sizes differing in five base pair increments, with 10 alleles observed. 8 Later, Smith et al 9 described this region as having an imperfect TAAAA repeat interrupted by a single TA and TAA insertion, with a total of 11 alleles. In this work we report further variation of this STR in a Caucasian population including more complex size and sequence differences, based on automatic fragment sizing and sequencing analysis. Furthermore, we present our results on population studies performed on a Portuguese sample and also the results obtained from somatic instability (MSI) and loss of heterozygosity (LOH) studies performed on gastric and thyroid tumours using this STR.
Material and methods

Blood samples and DNA extraction
Population control sample was composed of unrelated volunteer donors and individuals under paternity testing. Blood was obtained by venipuncture and genomic DNA was extracted using the 'salting out' method described by Miller et al. 10 Tumour tissues and their normal counterpart were collected from Portuguese patients subjected to surgery at S João Hospital (Oporto) and genomic DNA was extracted using the method described by Mülenbach et al.
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PCR amplification and fragment visualisation PCR was carried out using the primers described by Harada et al:
The amplifications were performed in 25 µl reaction mixture containing 200 µM dNTP (Promega, Madison, USA), 0.25 µM each primer (Pharmacia, Uppsala, Sweden) and 0.5 U AmpliTaq DNA polymerase (Perkin Elmer, Foster City, CA, USA) in 1 ϫ PCR buffer (Perkin Elmer, Foster City, CA, USA).
The reaction was carried out in 30 cycles at 94°C for 1 min, 65°C for 1.5 min and 72°C for 30 s.
The PCR products were separated in native polyacrylamide gel electrophoresis (T9C5) using a discontinuous buffer system. 12 The DNA fragments were visualised by silver staining according to Budowle et al. 13 All samples were amplified at least twice and analysed by two different observers.
Sequencing
Individual STR alleles were excised after electrophoresis and extracted from the gel with TE buffer by freezing for 30 min Table 1 DNA fragment size and sequence of the alleles in the GSTP1 locus sequenced in this study GSTP1 STR: polymorphism and instability in cancer C Alves et al y and heating at 65°C for 15 min three times. The extracted STR alleles were then reamplified using the same conditions as described before. The fragments were purified using Microspin S-200 HR columns (Pharmacia, Uppsala, Sweden), according to the manufacturers' instructions. The sequencing reaction was done with the reverse primer using a Dye Terminator Cycle Sequencing Ready Reaction kit (Perkin Elmer, Foster City, CA, USA), in a total reaction volume of 5 µl. The samples were additionally purified with an MgCl2 and ethanol based protocol.
Electrophoresis was carried out on an ABI PRISM 377 DNA Sequencer (Perkin Elmer, Foster City, CA, USA). Samples were loaded on a pre-warmed 6% polyacrylamide gel containing 6 M urea and 1 ϫ TBE buffer and the running conditions were 1680 V, 50 mA, 150 W, 51°C during approximately 3.5 h. The results were analysed using the ABI PRISM 377-18 Data Collection software (version 1.1).
Genotype analysis
Genotyping was done by automatic fragment sizing using the ABI PRISM 377 DNA Sequencer and the GeneScan Analysis 2.1 software (Perkin Elmer, Foster City, CA, USA). All samples were run with an internal size standard (GeneScan TAMRA-500) and compared with a ladder containing the most frequently observed alleles. Allele frequencies were estimated from a sample of 279 unrelated individuals from Portugal. Hardy-Weinberg equilibrium was assayed by Guo and Thompson exact test, 14 using GENEPOP software.
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Results and discussion
A total of 21 alleles differing in size were identified in a sample of 279 individuals from a Portuguese Caucasian population. Sequencing analysis revealed their repeat unit structure and the presence of sequence variants in five alleles. The basic repeat structure consists of ATAAA units. Table 1 shows the highly complex structural variability within the GSTP1 alleles.
Apart from the sequencing analysis, structural variants that exist in alleles of the same size can also be distinguished in native polyacrylamide gels by heteroduplex analysis. In Figure 1 , two examples are shown in which the heteroduplex patterns are different in heterozygous individuals with identical homoduplexes. Even though only variants in alleles 203, 213, 223, 226 and 228 bp were detected in this work, further variants may exist.
Our population studies were performed on a sample of 279 unrelated Portuguese individuals. Gene frequencies were estimated (Table 2 ) and the population showed no deviation from Hardy-Weinberg equilibrium ( Table 3 ). The observed heterozygosity is 0.72, not significantly deviating from the expected value of 0.74, and the polymorphic information content (PIC) is 0.70. Analysis of nuclear families demonstrated co-dominant inheritance of the alleles and no germinal instability was detected in 81 mother/child pairs.
These facts, together with the high level of variation, demonstrate that this polymorphism can be a useful tool in evolutionary biology studies.
Somatic instability studies using this STR were performed on 52 gastric tumour samples (30 intestinal, 13 atypical and nine diffuse types using Lauren's Histological Classification) and 20 thyroid tumour samples (11 goitres, four follicular adenomas, four papillary carcinomas and one poorly differentiated carcinoma). No genotypic alterations in the GSTP1 STR were detected in thyroid tumours when compared with the normal counterpart. Genotypic alterations in dinucleotide repeat markers have been described before in thyroid tumours, 16 but in a far lower frequency than the observed in colon and gastric cancers. These 20 thyroid tumours were previously tested for MSI 16 using dinucleotide repeat markers and instability was detected in two cases and found only in one out of six loci analysed. Our results confirm stability of the GSTP1 locus and no association with tumour development in this type of tissue. However, the fact that the genotypic distribution in these cases shows significant deviations to the Hardy-Weinberg equilibrium (Table 4) , does not exclude some kind of susceptibility genotypes. In our 52 gastric tumour samples, microsatellite instability was detected in 9.6% (five in 52) of the cases studied (three intestinal, one diffuse and one atypical). LOH was also detected in another five cases (three intestinal and two atypical). Examples of some of the differences observed between genotypes of tumour tissues and their normal counterpart are shown in Figure 2 .
From the 52 gastric tumour samples analysed for GSTP1, 50 samples were previously analysed for MSI using other markers, including mono and/or dinucleotide repeats (Table 5 ). Of the five MSI positive cases for the GSTP1 locus, three showed instability using BAT-26 and/or dinucleotide markers, two of them only with BAT-26 (data not shown).
Of the 50 cases where GSTP1 data (MSI) could be compared with previously reported results on MSI 17 only 8 of the GTSP1
MSI negative cases showed MSI in both mono and/or dinucleotide markers that were studied (classes 4 and 5, Table 5 ).
We can observe ( Table 5 ) that in gastric cancer there are cases (class 2) where MSI is positive for GSTP1 but negative for BAT-26 and/or dinucleotide markers and, conversely, cases where MSI is negative for GSTP1 but positive for BAT-26 and/or dinucleotide markers (classes 4 and 5). We observe further that one tumour case with LOH in GSTP1, is MSI positive in BAT-26 and/or dinucleotide markers. Another 
